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DISTRIBUTED MIMO AND / OR TRANSMIT of user equipment using a downlink transmission mode that 
DIVERSITY IN A CLOUD - RAN SYSTEM uses multiple antenna ports . The downlink transmission 

mode precodes sequences of symbols using a precoder 
CROSS - REFERENCE TO RELATED matrix selected from a codebook . The precoding produces APPLICATIONS sequences of precoded symbols . The method comprises 

This application claims the benefit of U.S. Provisional performing linear transformations on the sequences of pre 
Application Ser . No. 62 / 438,597 , filed Dec. 23 , 2016 , and coded symbols using a distribution matrix . The distribution 
titled “ DISTRIBUTED MIMO AND / OR TRANSMIT matrix is configured so that each of a plurality of precoder 
DIVERSITY IN A CLOUD - RAN SYSTEM , " the contents matrices provides perfect steering of transmit power to a 
of which are incorporated herein by reference . corresponding one of a plurality of disjoint subsets of the 

antenna ports used for the downlink transmission mode . The 
BACKGROUND method further comprises determining if the resource ele 

ment can be reused to transmit user data to the plurality of Long Term Evolution ( LTE ) is a standard for high - speed wireless communication for mobile phones and data termi- 15 items of user equipment . The method further comprises , 
nals ( collectively referred to here as “ user equipment ” or when the resource element can be reused , reusing the 
“ UE ” ) . The LTE standard is developed by the 3rd Genera resource element to transmit user data to the plurality of 
tion Partnership Project ( 3GPP ) standards organization . items of user equipment by : assigning a respective simulcast 
LTE supports multiple downlink transmission modes , group to each of the plurality of items of user equipment that 

most of which support downlink transmission using multiple 20 uses a respective one of the plurality of disjoint subsets of 
antennas . Indeed , support for the use of multiple antennas is antenna ports and transmitting user data to each of the items 
a core feature of LTE . of user equipment using a respective precoder matrix that 

In general , these multiple - antenna LTE downlink trans provides perfect steering to the respective subset of antenna mission modes are performed using precoding . Precoding ports in the respective simulcast group for that item of user performs a matrix transformation of v sequences of symbols 25 equipment . x into p sequences of symbols y , where v corresponds to the Another embodiment is directed to a system to provide number of layers being used and p corresponds to the 
number of transmit antenna ports being used . The number of wireless service to user equipment . The system comprises a 
layers being used is also referred to as the “ transmission controller communicatively coupled to a core network of a 
rank . ” One or two data code words are transmitted per layer . wireless service provider and a plurality of radio points to 
A precoder matrix W is used for precoding . transmit and receive radio frequency signals to and from the 

The multiple - antenna LTE downlink transmission modes user equipment . Each of the radio points associated with at 
that employ precoding use either transmit diversity or spatial least one antenna and located remote from the controller . 
multiplexing . The plurality of radio points is communicatively coupled to In the case of transmit diversity ( for example , LTE downlink transmission mode 2 ) , a single sequence of sym- 35 the controller . The controller and plurality of radio points 
bols is transmitted from multiple antennas . A single code implement a base station for a radio access network . The 
word is sent . With transmit diversity using two transmit system is configured to reuse a resource element in order to 
antennas , the precoding is done using a precoding matrix W transmit user data to a plurality of items of user equipment 
specified by the LTE standards that is based on Space using a downlink transmission mode that uses multiple 
Frequency Block Coding ( SFBC ) . With transmit diversity 40 antenna ports . The system is configured to implement a 
using four transmit antennas , the precoding is done using a downlink transmission mode that precodes sequences of 
precoding matrix W specified by the LTE standards that is symbols using a precoder matrix selected from a codebook , based on SFBC and Frequency - Shift Transmit Diversity wherein the precoding produces sequences of precoded 
( FSTD ) symbols . The system is configured to perform linear trans In the case of spatial multiplexing , multiple layers are 45 formations on the sequences of precoded symbols using a 
transmitted simultaneously from multiple antennas . Some distribution matrix . The distribution matrix is configured so forms of multi - antenna transmission ( for example , LTE 
downlink transmission mode 4 ) make use of a codebook . A that each of a plurality of precoder matrices provides perfect 
codebook is a table that comprises several predefined pre steering of transmit power to a corresponding one of a 
coder matrices W that can be selected for use in precoding . plurality of disjoint subsets of the antenna ports used for the 

Cell specific reference symbols ( CS - RS ) are inserted in 50 downlink transmission mode . The system is configured to 
between data symbols transmitted to the UE . The UE uses determine if the resource element can be reused to transmit 
the CS - RSs to generate channel state information ( CSI ) that user data to the plurality of items of user equipment . The 
is fed back to the eNodeB . This CSI includes a rank indicator system is configured to , when the resource element can be 
( RI ) and a precoder matrix indicator ( PMI ) . The RI indicates reused , reuse the resource element to transmit user data to 
how many layers should be used for the current channel 55 the plurality of items of user equipment by : assigning a 
conditions , and the PMI indicates which one of the pre respective simulcast group to each of the plurality of items 
defined precoder matrices included in the codebook should of user equipment that uses a respective one of the plurality 
be used for the current channel conditions . of disjoint subsets of antenna ports and transmitting user 
However , the precoding schemes used with such multiple data to each of the items of user equipment using a respec 

antenna LTE downlink transmission modes are not designed 60 tive precoder matrix that provides perfect steering to the 
for use with a specific base station or radio access network respective subset of antenna ports in the respective simulcast 
configuration . group for that item of user equipment . 

Other embodiments are disclosed . 
SUMMARY The details of various embodiments are set forth in the 

65 accompanying drawings and the description below . Other 
One embodiment is directed to method of reusing a features and advantages will become apparent from the 

resource element to transmit user data to a plurality of items description , the drawings , and the claims . 
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DRAWINGS ( EPC ) 112 comprising standard LTE EPC network elements 
such as , for example , a mobility management entity ( MME ) 

FIG . 1 is a block diagram illustrating one exemplary and a Serving Gateway ( SGW ) and , optionally , a Home 
embodiment of a radio access network in which multiple eNodeB gateway ( HeNB GW ) and a Security Gateway 
antenna downlink transmission modes can be implemented 5 ( SeGW ) ( all of which are not shown in FIG . 1 ) . 
in a distributed manner . Moreover , in this exemplary embodiment , each controller 

FIG . 2 is a block diagram illustrating another exemplary 104 communicates with the MME and SGW in the EPC core 
embodiment of a radio access network in which multiple network 112 using the LTE Si interface and communicates 
antenna downlink transmission modes can be implemented with other eNodeBs using the LTE X2 interface . In the 
in a distributed manner . 10 example shown in FIG . 1 , the controller 104 communicates 

FIG . 3 is a block diagram illustrating an exemplary with an outdoor macro eNodeB ( not shown ) via the LTE X2 
embodiment of a scheme for a performing a linear transfor interface . 
mation on sequences of precoded symbols using a distribu The controller 104 and the radio points 106 can be 
tion matrix . implemented to use an air interface that supports one or 

FIG . 4 is a flow diagram of one exemplary embodiment 15 more of frequency - division duplexing ( FDD ) and / or time 
of a method of transmitting data using a multiple - antenna division duplexing ( TDD ) . Also , the controller 104 and the 
downlink transmission mode with distributed antennas . radio points 106 can be implemented to use an air interface 

FIG . 5 is a block diagram of another example illustrated that supports one or more of the multiple - input - multiple 
in the radio access network of FIG . 1 . output ( MIMO ) , single - input - single - output ( SISO ) , single 

20 input - multiple - output ( SIMO ) , multiple - input - single - output 
DETAILED DESCRIPTION ( MISO ) , and / or beam forming schemes . For example , the 

controller 104 and the radio points 106 can implement one 
FIG . 1 is a block diagram illustrating one exemplary or more of the LTE transmission modes . Moreover , the 

embodiment of a radio access network ( RAN ) 100 in which controller 104 and / or the radio points 106 can be configured 
multiple - antenna downlink transmission modes can be 25 to support multiple air interfaces and / or to support multiple 
implemented in a distributed manner . The RAN 100 is wireless operators . 
deployed at a site 102 to provide wireless coverage and In the exemplary embodiment shown in FIG . 1 , the 
capacity for one or more wireless network operators . The front - haul that communicatively couples each controller 104 
site 102 may be , for example , a building or campus or other to the one or more RPs 106 is implemented using a standard 
grouping of buildings ( used , for example , by one or more 30 ETHERNET network 118. However , it is to be understood 
businesses , government , other enterprise entities ) or some that the front - haul between the controllers 104 and RPs 106 
other public venue ( such as a hotel , resort , amusement park , can be implemented in other ways . 
hospital , shopping center , airport , university campus , arena , Generally , one or more nodes in a RAN perform analog 
or an outdoor area such as a ski area , stadium or a densely radio frequency ( RF ) functions for the air interface as well 
populated downtown area ) . 35 as digital Layer 1 , Layer 2 , and Layer 3 ( of the Open 

In the exemplary embodiment shown in FIG . 1 , the RAN Systems Interconnection ( OSI ) model ) functions for the air 
100 at the site 102 is implemented at least in part using a interface . 
point - to - multipoint distributed base station architecture that In the exemplary embodiment shown in FIG . 1 , each 
employs at least one central controller 104 and multiple controller 104 includes one or more baseband modems 
radio points ( RPs ) 106. Each RP 106 includes or is coupled 40 ( BBMs ) ( or other units ) 120 that perform digital Layer - 3 , 
to one or more antennas 108 via which downlink RF signals Layer - 2 , and Layer - 1 processing for the LTE air interface , 
are radiated to user equipment 110 and via which uplink RF and each RP 106 includes ( optionally ) one or more Layer - 1 
signals transmitted by user equipment ( UE ) 110 are units ( not shown ) that implements any Layer - 1 processing 
received . for the air interface that is not performed in the controller 
More specifically , in the example shown in FIG . 1 , each 45 104 and one or more radio frequency ( RF ) circuits ( not 

RP 106 comprises two antennas 108. Each RP 106 can shown ) that implement the RF front - end functions for the air 
include or be coupled to a different number of antennas 108 . interface and the one or more antennas 108 associated with 

The RAN 100 is coupled to the core network 112 of each that RP 106 . 
wireless network operator over an appropriate back - haul . In The baseband modems 120 in the controllers 104 can be 
the exemplary embodiment shown in FIG . 1 , the Internet 50 configured to perform all of the digital Layer - 3 , Layer - 2 , and 
114 is used for back - haul between the RAN 100 and each Layer - 1 processing for the air interface , while the RPs 106 
core network 112. However , it is to be understood that the ( specifically , the RF circuits ) implement only the RF func 
back - haul can be implemented in other ways . tions for the air interface and the antennas 108 associated 

The exemplary embodiment of the RAN 100 shown in with each RP 106. In that case , IQ data representing time 
FIG . 1 is described here as being implemented as a Long 55 domain symbols for the air interface is communicated 
Term Evolution ( LTE ) radio access network providing wire between the controller 104 and the RPs 106. Communicat 
less service using an LTE air interface . LTE is a standard ing such time - domain IQ data typically requires a relatively 
developed by 3GPP standards organization . In this embodi high data rate front haul . This approach ( communicating 
ment , the controller 104 and RPs 106 together are used to time - domain IQ data over the front haul ) is suitable for those 
implement an LTE Evolved Node B ( also referred to here as 60 implementations where the front - haul ETHERNET network 
an “ eNodeB ” or “ eNB ” ) that is used to provide user equip 118 is able to deliver the required high data rate . 
ment 110 with mobile access to the wireless network opera If the front - haul ETHERNET network 118 is not able to 
tor's core network 112 to enable the user equipment 110 to deliver the data rate needed to front haul time - domain IQ 
wirelessly communicate data and voice ( using , for example , data ( for example , where the front - haul is implemented 
Voice over LTE ( VoLTE ) technology ) . 65 using typical enterprise - grade ETHERNET networks ) , this 

Also , in this exemplary LTE embodiment , each core issue can be addressed by communicating IQ data repre 
network 112 is implemented as an Evolved Packet Core senting frequency - domain symbols for the air interface 
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between the CUs 104 and the RPs 106. This frequency cell identifier and for which common control and reference 
domain IQ data represents the symbols in the frequency signals are transmitted . In this embodiment , each controller 
domain before the inverse fast Fourier transform ( IFFT ) is 104 includes a central coordinator 128 that performs central 
performed . The time - domain IQ data can be generated by resource block scheduling for all of the baseband modems 
quantizing the IQ data representing the frequency - domain 5 120 across all of the RPs 106 and all of the user equipment 
symbols without guard band zeroes or any cyclic prefix and 110 associated with those baseband modems 120. Frequency 
communicating the resulting compressed , quantized fre reuse techniques can be used to create virtual sectors within 
quency - domain IQ data over the front - haul ETHERNET the single super cell 126 , with different baseband modems 
network 118. Additional details regarding this approach to 120 providing capacity to each of the virtual sectors . The 
communicating frequency - domain IQ data can be found in 10 central coordinator 128 can also serve as an aggregation 
U.S. patent application Ser . No. 13 / 762,283 , filed on Feb. 7 , point for data that is transmitted and received using multiple 
2013 , and titled “ RADIO ACCESS NETWORKS , ” which is baseband modems 120 and multiple RPs 106 . 
hereby incorporated herein by reference . The central coordinator 128 can schedule multiple RPs 
Where frequency - domain IQ data is front - hauled between 106 to jointly transmit to an individual UE 110 , helping 

the controllers 104 and the RPs 106 , the baseband modems 15 overcome an interfering macro signal without having to 
120 in each controller 104 can be configured to perform all boost RP transmit power such that it would interfere with the 
of the digital Layer - 3 , Layer - 2 , and Layer - 1 processing for macro . Similarly , the central coordinator 128 can schedule 
the air interface except for the inverse fast Fourier transform multiple RPs 106 to jointly receive uplink transmissions 
( IFFT ) in the downlink and the fast Fourier transform ( FFT ) from a single UE 110 , which are then combined at the 
in the uplink . In this case , the Layer - 1 functions in each RP 20 controller 104 ( either in the baseband modem 120 or in the 
106 can be configured to implement the digital Layer - 1 central coordinator 128 ) . This inter - RP uplink combining 
processing for the air interface that is not performed in the enables the UE 110 to transmit at a lower power , reducing 
controller 104 ( that is , the IFFT in the downlink and the FFT its interference on the macro uplink . Additional details 
in the uplink ) . regarding the creation of such a super cell 126 can be found 
Where the front - haul ETHERNET network 118 is not able 25 in U.S. patent application Ser . No. 13 / 762,283 , mentioned 

to deliver the data rate need to front haul ( uncompressed ) above . 
time - domain IQ data , the time - domain IQ data can be The baseband modems 120 and the central coordinator 
compressed prior to being communicated over the ETHER 128 in each controller 104 can be implemented in software 
NET network 118 , thereby reducing the data rate needed or firmware executing on one or more suitable program 
communicate such IQ data over the ETHERNET network 30 mable processors . The baseband modems 120 and the cen 
118 . tral coordinator 128 in each controller 104 ( or portions 
Data can be front - hauled between the controllers 104 and thereof ) can be implemented in other ways ( for example , in 

RPs 106 in other ways ( for example , using front - haul a field programmable gate array ( FPGA ) , application spe 
interfaces and techniques specified in the Common Public cific integrated circuit ( ASIC ) , etc. ) . The baseband modem 
Radio Interface ( CPRI ) and / or Open Base Station Architec- 35 120 and the central coordinator 128 in each controller 104 
ture Initiative ( OBSAI ) family of specifications ) . can be implemented in other ways . 

Each baseband modem 120 in the controller 104 provides Likewise , one or more Layer - 1 units ( not shown ) in each 
the capacity of a single cellular sector . With traditional base RP 106 can be implemented in software or firmware execut 
stations ( for example , with traditional small cell or distrib ing on one or more suitable programmable processors . The 
uted base stations ) , the capacity provided by each baseband 40 one or more Layer - 1 units in each RP 106 ( or portions 
modem creates a separate cell , having a separate physical thereof ) can be implemented in other ways ( for example , in 
cell identifier associated with that cell and transmitting a field programmable gate array ( FPGA ) , application spe 
separate control and reference signals associated with that cific integrated circuit ( ASIC ) , etc. ) . The one or more RF 
cell . Traditionally , when the capacity provided by several circuits in each RP 106 can be implemented using one or 
baseband modems ( for example , in the form of several small 45 more RF integrated circuits ( RFICs ) and / or discrete com 
cell base stations ) is densely deployed within a site ( with the ponents . The Layer - 1 units and RF circuit in each RP 106 
capacity provided by each baseband modem creating a can be implemented in other ways . 
separate cell ) , multiple overlapping cells are created with In some implementations , the common , single super cell 
interference at cell borders . This happens even when there is 126 is created using baseband modems 120 from multiple 
a traditional central service controller that is coordinating 50 controllers 104 , where resource block scheduling is per 
multiple small cell base stations . The service controller can formed across all of the baseband modems 120 from the 
assist with network configuration and optimization , han multiple controllers 104 ( for example , using one or more of 
dovers , and backhaul aggregation , but does not address the the central coordinators 128 in the controllers 104 and / or 
issue that each baseband modem forms a separate , stand using a separate global coordinator ) . 
alone cell and interferes with its neighboring separate , 55 Although the exemplary embodiment shown in FIG . 1 
standalone cells . The signal quality in these overlap areas makes use of a central coordinator 128 to create a super cell 
can drop significantly , reducing data speeds and impairing 126 as described above , it is to be understood that other 
voice quality . Also , creating multiple separate cells gener embodiments are implemented in other ways ( for example , 
ates frequent handovers , for example , in the form of “ ping where the controllers 104 do not include such a central 
ponging ” of stationery users in border areas , or as users 60 coordinator 128 and instead such coordination functions are 
move about the site . This further degrades the user experi incorporated into each baseband modem 120 ) . 
ence and creates the potential for handover failures . The controllers 104 may also include certain MME func 

To address these issues with creating separate cells for the tionality ( not shown ) and SGW functionality ( not shown ) , 
capacity provided by each baseband modem , in the exem thus allowing traffic to flow directly between UE 110 and a 
plary embodiment shown in FIG . 1 , the capacity provided by 65 destination node on the Internet 114 or on a local network at 
multiple baseband modems 120 can be used within a com the site 102 without traversing an operator's core network 
mon , single " super " cell 126 , sharing a common physical 112 . 
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In the exemplary embodiment shown in FIG . 1 , a man example , each RP 106 is assigned a respective one of four 
agement system 130 is communicatively coupled to the RP indices ( 0 , 1 , 2 , or 3 ) , where the RPs 106 assigned the RP 
controllers 104 and RPs 106 , for example , via the Internet index 0 are labelled as “ RP 0 , ” the RPs 106 assigned the RP 
114 and ETHERNET network 118 ( in the case of the RPs index 1 are labelled as “ RP 1 , ” the RPs 106 assigned the RP 
106 ) . 5 index 2 are labelled as “ RP 2 , " and the RPs 106 assigned the 

In the exemplary embodiment shown in FIG . 1 , the RP index 3 are labelled as " RP 3. ” Each antenna 108 
management system 130 communicates with the various associated with each RP 0 is assigned antenna index 0 ( and 
elements of the RAN 100 using the Internet 114 and the is labelled " antenna 0 ” ) , each antenna 108 associated with 
ETHERNET network 118. Also , in some implementations , each RP 1 is assigned antenna index 1 ( and is labelled 
the management system 130 sends and receives manage- 10 “ antenna 1 ” ) , each antenna 108 associated with each RP 2 is 
ment communications to and from the controllers 104 , each assigned antenna index 2 ( and is labelled “ antenna 2 ” ) , and 
of which in turn forwards relevant management communi each antenna 108 associated with each RP 3 is assigned 
cations to and from the RPs 106 . antenna index 3 ( and is labelled " antenna 3 ” ) . In this 

As noted above , the controller 104 and RPs 106 together example , adjacent four - tuples of RPs 106 are assigned 
are used to implement an LTE eNodeB . In this example , the 15 different RP indices so that the associated antennas 108 are 
controller 104 and RPs 106 are configured to implement the assigned four different antenna indices . 
multiple - antenna LTE downlink transmission modes in a These assignments can be made manually ( for example , 
distributed manner . The multiple - antenna LTE downlink using the management system 130 ) . During initialization of 
transmission modes are implemented in a " distributed ” the RAN 100 , receive power measurements of user - equip 
manner in the sense that the multiple antennas for a given 20 ment transmissions are made at each RP 106 for many 
logical eNodeB are not co - located with each other and , user - equipment positions . These power measurements are 
instead , are deployed using radio points 106 that are located used to determine the antenna and radio point assignments . 
remotely from each other . The controller 104 and the RPs 106 are made aware of the 

Each downlink transmission mode makes use of one or various assignments . 
more “ antenna ports , " which are logical entities that are 25 As used herein , a “ simulcast group ” for a given UE 110 
distinguished by their reference signal sequences . Thus , is the set of RPs 106 and associated antennas 108 that are 
each multiple - antenna downlink transmission mode makes used to transmit downlink user data to that UE 110. The 
use of multiple antenna ports . In the embodiments described cell - specific reference symbols are radiated from all of the 
here , for the downlink transmission mode that is being used , antennas 108 and RPs 106 in the RAN 100. As a result , the 
each antenna port as assigned to a respective one or more 30 rank indicator ( RI ) ( that is , how many layers should be used 
antenna 108 in the RAN 100 . for the current channel conditions ) , and the precoding matrix 

As shown in FIG . 1 , for four - antenna downlink transmis indicator ( PMI ) ( that is , which predefined precoder matrix 
sion modes , each antenna port can be assigned one of four included in the codebook should be used for the current 
antenna port indices ( 0 , 1 , 2 , or 3 ) . Each of the distributed channel conditions ) are selected based on transmissions 
antennas 108 in the RAN 100 can also be assigned one of 35 from all of the antennas 108 and RPs 106 . 
four antenna indices ( 0 , 1 , 2 , or 3 ) , where each antenna index However , in this example , the user - plane data for each UE 
corresponds to a respective antenna port index for that 110 is radiated from less than all of the antennas 108 and RPs 
transmission mode . 106. That is , the user - plane data for each UE 110 is only 

In general , the RPs 106 ( and associated antennas 108 ) are radiated from the antennas 108 and RPs 106 that are in that 
physically arranged within the coverage area of the RAN 40 UE's simulcast group . This can result in bias when the 
100 so that four adjacent antennas 108 will be assigned four user - plane transmissions are demodulated and decoded by 
different antenna indices . Also , the antennas 108 are each UE 110. This bias results from the difference between 
assigned and arranged to minimize the number of antennas the composite RF channel under which each UE 110 
108 with the same antenna index that are physically near receives the cell - specific reference symbols and the com 
each other . 45 posite RF channel under which each UE 110 receives the 

In the example shown in FIG . 1 , each RP 106 includes or user - plane transmissions . 
is coupled to two antennas 108. However , it is to be As used herein " reuse ” refers to situations where two or 
understood that other embodiments can be implemented in more UEs 110 receive user - plane transmissions using the 
other ways ( for example , as shown in FIG . 2 ) . In the same resource elements in the same cell . When reuse is used 
example shown in FIG . 1 , each RP 106 is assigned a 50 with a multiple - antenna downlink transmission mode , one 
respective one of two RP indices ( 0 or 1 ) , where the RPs approach to supporting such reuse is to define simulcast 
assigned the RP index 0 are labelled “ RP 0 ” and where the groups that include the antennas 108 ( and associated RPs 
RPs assigned the RP index 1 are labelled as “ RP 1. ” The two 106 ) assigned to all of the antenna ports used by that 
antennas 108 associated with each RP 0 are assigned antenna downlink transmission mode . That is , where this type of 
indices 0 and 1 , respectively , ( and are labelled " antenna 0 ” 55 reuse is being used with a downlink transmission mode that 
and “ antenna 1 , ” respectively ) , and the two antennas 108 uses four antenna ports , each simulcast group for a UE 110 
associated with each RP1 are assigned antenna indices 2 and in reuse includes antennas 108 ( and associated RPs 106 ) that 
3 , respectively , ( and are labelled “ antenna 2 ” and “ antenna are assigned to all four antenna ports . 
3 , ” respectively ) . In this example , adjacent pairs of RPs 106 For example , reuse can be used with a downlink trans 
are assigned different RP indices so that the associated 60 mission mode that uses four antenna ports where a first UE 
antennas 108 are assigned four different antenna indices . 110 is provided wireless service by a first simulcast group 

In this example , the RPs 106 are arranged in a generally that includes a first pair of RPs 0 and 1 ( and associated four 
" checkerboard ” pattern with RPs 106 assigned the first RP antennas 0 , 1 , 2 , and 3 ) and a second UE 110 is provided 
index alternating in both of two directions with RPs 106 wireless service by a second simulcast group that includes a 
assigned the second RP index . 65 second pair of RPs 0 and 1 ( and associated four antennas 0 , 

FIG . 2 illustrates another example where each RP 106 1 , 2 , and 3 ) . Each UE is sufficiently physically separated 
includes or is coupled to a single antenna 108. In this from the antennas 108 of the other UE's simulcast group to 
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enable such resource - element reuse . This first approach to LTE layer mapping ( if necessary ) for the selected LTE 
reuse is also referred to here as " far ” reuse . downlink transmission mode , where v corresponds to the 
However , there may not be many opportunities for far number of layers being used . 

reuse to be employed . Standard LTE precoding of the sequences of symbols x 
Another approach to employing reuse with a multiple- 5 301 is performed for the selected LTE downlink transmis 

antenna downlink transmission mode is to define simulcast sion mode . This standard LTE precoding is performed using 
groups that include antennas 108 ( and associated RPs 106 ) a precoder matrix W 304. The precoder matrix W 304 is a 
assigned to less than all of the antenna ports used by the pxv matrix , where p corresponds to the number of transmit 
multiple - antenna downlink transmission mode . For antenna ports being used for the selected LTE downlink 

10 transmission mode and again v corresponds to the number of example , where reuse is being used with a downlink trans 
mission mode that uses four antenna ports , each simulcast layers being used . 

The result of performing the standard LTE precoding is p group can include physical antennas 108 ( and associated 
RPs 106 ) assigned to two of the antenna ports . sequences of symbols y 303 . 

A linear ( matrix ) transformation is performed on the With this second approach to reuse , for each UE 110 and 15 resulting sequence of symbols y 303 resulting from the corresponding simulcast group , some of the antenna ports standard LTE precoding . This second matrix transformation will be mapped to the respective antennas 108 and associ is performed using a second matrix G 306. This second 
ated RPs 106 in that simulcast group , while the other matrix transformation is also referred to here as the “ distri 
antenna ports will not be mapped to any physical antennas bution ” transformation , and the second matrix G is also 
108 or associated RPs 106 and the symbols for those other 20 referred to here as the “ distribution ” matrix G. 
antenna ports will not transmitted . The distribution matrix G 306 is a pxp matrix , where 
For example , reuse can be used with a downlink trans again p is the number of transmit antenna ports being used 

mission mode that uses four antenna ports where a first UE for the selected LTE downlink transmission mode . The 
110 is provided wireless service by a first simulcast group distribution matrix G 306 is configured to spatially distribute 
that includes a first RP 0 ( and associated two antennas 0 and 25 transmit power across the various transmit antenna ports 
1 ) and a second UE 110 is provided wireless service by a being used for the associated downlink transmission mode . 
second simulcast group that includes RP 1 ( and associated Some LTE downlink transmission modes employ closed 
two antennas 2 , and 3 ) . Each UE 110 is sufficiently physi loop spatial multiplexing . For such transmission modes , 
cally separated from the antennas 108 of the other UE's cell - specific reference symbols ( CS - RS ) r 305 are inserted at 
simulcast group to enable such resource - element reuse . This 30 the inputs to the distribution matrix G 306. As a result , the 
second approach to reuse is also referred to here as " near ” CSI ( including the RI and PMI ) that is generated by the UE 

110 and that is fed back to the controller 104 reflects the 
transformation performed using the distribution matrix G By transmitting the user - plane data for each UE 110 from 306 . 

less than all of the antenna ports , interference can be reduced The result of performing the distribution transformation and the number of opportunities for near reuse can be using the distribution matrix G 306 is p sequences of increased ( relative to the number of opportunities for far symbols y 307 , where p corresponds to the number of 
reuse ) . However , in the absence of the techniques described transmit antenna ports being used for the selected LTE 
below , near reuse can result in bias when the user - plane downlink transmission mode . The resulting sequences of 
transmissions are demodulated and decoded by each UE 40 symbols y 307 are then used for subsequent standard LTE 
110. This bias results from the difference between the processing 308 ( for example , resource element mapping 310 
composite RF channel under which each UE 110 receives and OFDM signal generation 312 ) in the controller 104 
the cell - specific reference symbols and the composite RF and / or radio points 106 . 
channel under which each UE 110 receives the user - plane By including an appropriately configured distribution 
transmissions . 45 matrix G , the UEs 110 should be able to accurately measure 
As noted below , near reuse can be combined with far the received power of reference symbols , independent of the 

location of each UE 110 and of the choice of reference 
FIG . 3 is a block diagram illustrating an exemplary symbols . To do this , the distribution matrix G is configured 

embodiment of a scheme for addressing this issue with bias . to be a unitary matrix and to have , for each column of the 
The exemplary embodiment shown in FIG . 3 is described 50 distribution G matrix , a significant ( non - zero ) gain for the 
here as being implemented using the RAN 100 shown in entry associated with each antenna port . Not doing this 
FIG . 1 , though it is to be understood that other embodiments would introduce correlations on the antenna ports and , as a 
can be implemented in other ways ( for example , using the result , lower throughput . 
example shown in FIG . 2 ) . The distribution matrix G can be configured to steer the 

The scheme shown in FIG . 3 can implemented in the 55 transmit power towards particular antenna ports ( and asso 
controller 104 , the radio point 106 , or both the controller 104 ciated RPs 106 ) when a particular precoder matrix is used . 
and the radio point 106. More specifically , the processing Doing this can be used to enable near reuse of the same 
described here can be implemented at least in part in resource elements by two or more UEs 110 in certain 
software or firmware ( for example , by programming a circumstances . 
programmable processor such as a general - purpose micro- 60 Even when such near reuse is not employed , the use of 
processor or using a field programmable gate array ( FPGA ) ) . such a distribution matrix G ( which steers transmit power 
The processing can also be implemented at least in part in toward particular antenna ports and associated RPs 106 
other ways ( for example , implemented in discrete circuitry when a particular precoder matrix is used ) can also enable 
or using an application specification integrated circuit somewhat higher throughput for an individual UE 110 that 
( ASIC ) ) . 65 is located near a particular RP 106 . 
As shown in FIG . 3 , v sequences of symbols x 301 are In the near reuse example described above in connection 

received from the layer mapper 302 that performs standard with FIG . 1 , without the use of the distribution matrix G as 

reuse . 

35 

reuse . 
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described in more detail below , the channel that is experi power is being provided on the antennas ports associated 
enced by user - plane downlink transmissions to each of the with the other RP . This results in improved transmission 
UEs A and B is different from the channel experienced performance . 
during transmission of the cell - specific reference symbols to Thus , the distribution matrix G can be configured to 
each of the UEs A and B. In such a situation , the cell - specific 5 provide perfect steering to each RP 106 for a respective PMI 
reference symbols are transmitted to each UE A and B using for each of the one and two layer multiple - antenna LTE 
all of the antennas ports ( and associated antennas 108 and downlink transmission modes used in the RAN 100. These 
RPs 106 ) , whereas user data is transmitted to UE A only PMIs can be used to enable resource element reuse in more 
from the specific RP 0 and associated antennas 0 and 1 in the situations . 
simulcast group defined for UE A and user data is transmit- 10 The distribution matrix G can also be used to provide 
ted to UE B only from the specific RP 1 and associated increased transmission performance for single - user trans 
antennas 2 and 3 in the simulcast group defined for UE B. mission ( that is , when near reuse is not be used for a UE ) . 

For such reused resource elements , the symbols that The distribution matrix G can be configured so that , for a 
would normally be transmitted to UE A from RP 1 ( and given multiple - antenna downlink transmission mode , a pre 
antennas 2 and 3 ) are not transmitted ( that is , are " purged ” ) . 15 coder matrix ( having a corresponding PMI ) in the associated 
Likewise , for such reused resource elements , the symbols codebook distributes transmit power to all of the antenna 
that would normally be transmitted to UE B from RP 0 ( and ports used for the downlink transmission mode . When such 
antennas 0 and 1 ) are purged . This difference in the channel a precoder matrix is being used to provide single - user 
can result in bias error in the demodulation of the received user - plane transmission to a UE 110 , the simulcast group 
symbols by UEs A and B. 20 defined for that UE 110 would include at least one RP 106 

The distribution matrix G can be used to reduce or ( with a relatively low path loss to the UE ) that is associated 
eliminate such bias during such near reuse of resource with each of the antenna ports used for that downlink 
elements . This is done by using a distribution matrix G that transmission mode . 
is configured so that , for a given LTE downlink transmission For example , in the example described above in connec 
mode , a first precoder matrix ( having a corresponding PMI ) 25 tion with FIG . 1 , a precoder matrix ( having a corresponding 
in the associated codebook provides perfect steering of the PMI ) in the associated codebook distributes transmit power 
transmit power to the antenna ports assigned to antennas 0 to all four antenna ports ( and antennas 108 assigned all of 
and 1 ( and the associated RPs 0 ) and a second precoder the four antenna indices 0 , 1 , 2 , and 3 and associated RPs 0 
matrix ( having a corresponding PMI ) in the associated and 1 ) used for the downlink transmission mode . In this 
codebook provides perfect steering of the transmit power to 30 example , the simulcast group used for the UE C includes at 
the antenna ports assigned to antennas 2 and 3 ( and the least one RP that is associated each of the four antenna ports . 
associated RPs 1 ) . That is , the simulcast group used for UE C includes at least 
As used here , “ perfect ” steering to a given set of antenna one RP 0 ( and the associated antennas 0 and 1 ) and at least 

ports ( and associated antennas 108 and RPs 106 ) refers to one RP 1 ( and the associated antennas 2 , and 3 ) . 
providing peak power to those antenna ports while providing 35 These conditions are important for single user transmis 
no or extremely limited power to the other antenna ports sion when the UE 110 is nearly equidistant from antennas 
( that is , the antenna ports that are not being steered to ) . For 108 assigned all of the antenna indices . This situation where 
example , such perfect steering can be configured to provide a UE 110 is nearly equidistant from antennas 108 assigned 
3 dB higher power on each antenna port that is being steered all of the antenna indices is also referred to here as the UE 
to so that an output power ( Pa ) of 43 dB can be used with 40 110 being in the “ center ” of antennas 108 ( and the associated 
peak transmit power . RPs 106 ) . 

The controller 104 can be configured to determine if the What follows is one example of a distribution matrix G 
two UEs A and B should be put into near reuse for some that is unitary , that provides perfect power steering for at 
resource elements based on measurements of reference least one of the PMIs used for LTE and that provides peak 
signals made at the UEs A and B and / or at the radio points 45 power at all of the transmit antennas 108 for at least one of 
106 . the PMIs used for LTE . 
For example , such determination can be made based on 

power measurements made by the radio points 106 and 
reported to the controller 104. These power measurements -1 +11 1-11 1 + li 1 + li 
can be made based on Sounding Reference Signal ( SRS ) 50 -1 + 11 1 + li 1 +11 
transmissions from the UEs 110 . G = sqrt ( 1/8 ) * 1 + li 1 + 1i 1 - li -1 + 11 

For example , the controller 104 can be configured to 1 + 1i -1 + li 1-1i 
determine if the power measurements for the two UES A and 
B indicate that it is appropriate for user - data downlink 
transmissions to one UE ( UE A in this example ) to use that 55 By virtue of the unitary property of the distribution matrix 
first PMI ( which perfectly steers to RP 0 ) and that it is G , the PMIs that provide perfect steering may result in 
appropriate for user - data downlink transmissions to the excess power at the transmit antennas 108. This can be 
other UE ( UE B in this example ) to use the second PMI addressed using the referenceSignalPower ( Pa ) 
( which perfectly steers to RP 1 ) . If the controller 104 defined by the LTE standard . The Pa parameter can be set to 
determines that this is the case , the UES A and B can be put 60 have the transmit power of resource elements carrying user 
into near reuse and the controller 104 uses the first PMI for data be the same as , greater than , or less than the transmit 
user - data transmissions to UE A and uses the second PMI for power of resource elements carrying the cell - specific refer 
user - data transmissions to UE B. As a result of the perfect ence signals . 
steering to the RP near each UE , the purging of the output In one embodiment , to address the issue with excess 
symbols for the respective other RP does not cause any bias 65 transmit power , when reuse is enabled using perfect power 
since peak power is already being provided on the antennas steering to less than all of the transmit antenna ports as 
ports associated with the respective near RP and very little described above , the controller 104 can use a referenceSig 

1 - 11 

1 + 1 ; 

parameter 
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nalPower ( Pa ) less than 0 dB ( that is , Pa < 0 dB ) . In such an and the antennas 108 assigned the antenna indices 0 and 1 . 
embodiment , when single - user transmission is used for a UE A second subset of the antenna ports includes antenna ports 
110 between RPs 106 with a PMI that provides peak power 2 and 3 and is associated with the RPs 106 assigned the RP 
at all of the antenna transmit ports , the controller 104 can use index 1 and the antennas 108 assigned the antenna indices 2 
a referenceSignalPower equal to 0 dB ( that is , Pa = 0 dB ) . 5 and 3. As described in more detail below , two UEs 110 that 

In such an embodiment , the controller 104 can be con are in near reuse can be placed into far reuse with respect to 
figured to monitor the receive power measurements for a UE one or more other UEs have high path loss with respect to 
110 that are made at the radio points 106 , to determine those two UEs 110 . 
whether a UE 110 is a candidate for reuse , and to configure As described above , the downlink transmission mode 
the referenceSignalPower ( Pa ) for the UE 110 accordingly . 10 operates by precoding sequences of symbols using a pre 

Alternatively , in other embodiments , the controller 104 coder matrix selected from a codebook . The precoding 
can be configured to use a fixed referenceSignalPower of 0 produces sequences of precoded symbols . A respective 
dB ( that is , Pa = 0 dB ) and reduced transmit power to avoid sequence of precoded symbols is produced for each antenna 
saturation in reuse , with a reduction in rate in some cases for port used for that downlink transmission mode . 
single - user transmission . The system is configured to perform linear transforma 

In one embodiment , the controller 104 performs both the tions on the sequences of precoded symbols using the 
precoding transformation and the distribution transforma distribution matrix G. If each sequence has N symbols , N 
tion and communicates the resulting the symbols y to the linear transformations are performed using the distribution 
appropriate radio points 104 for subsequent LTE processing . matrix G. The nth transformation is obtained as Gy , where 
In such an embodiment , the insertion of any CS - RSs is 20 vector y is a pxl vector , the kth element of which being the 
performed by the controller 104. Each symbol is associated nth symbol in sequence k , and the nth transformation outputs 
with a respective transmit antenna port and is sent to the vector y representing the p physical antenna output ports for 
associated one or more radio points 106 in the simulcast the nth resource element . 
group assigned to that UE 110 . The distribution matrix G is configured so that , for each 

In another embodiment , each radio point 106 performs the 25 disjoint subset of antenna ports used for the downlink 
precoding transformation and the distribution transforma transmission mode , the codebook includes of one or more 
tion for the transmit antenna ports that are assigned to that corresponding precoder matrices that provide perfect steer 
radio point 106. In such an embodiment , the controller 104 ing of transmit power to the antenna ports in that subset . 
communicates to each radio point 106 the input symbols x Also , in this exemplary embodiment , the distribution 
output by the layer mapper 302 and the RI and PMI feedback 30 matrix G is configured so that at least one precoder matrix 
from the UE 110. Each radio point 106 generates the provides peak power to all of the antenna ports used for the 
sequence of output symbols y for the transmit antenna ports transmission mode . 
assigned to that radio point 106 by performing both the Method 400 comprises , for each active UE 110 , deter 
precoding transformation and the distribution transforma mining whether that UE 110 can be placed into near reuse 
tion ( using , for example , a precoder matrix W 304 and a 35 with another active UE 110 ( block 404 ) . 
distribution matrix G 306 implemented in that radio point In this exemplary embodiment , two UEs 110 can be put 
106 ) . Each radio point 106 performs the insertion of any into near reuse if simulcast groups can be defined for those 
CS - RSs and the distribution transformation on the inserted two UEs 110 that are “ orthogonal ” and all of the RPs 106 
CS - RSs ( using , for example , a distribution matrix G 306 ( and associated antennas 108 ) in the simulcast group for a 
implemented in that radio point 106 ) . Also , each radio point 40 first one of the UEs 110 are assigned to a first subset of the 
106 performs the subsequent standard LTE processing 308 . antenna ports and all of the RPs 106 ( and associated anten 

FIG . 4 is a flow diagram of one exemplary embodiment nas 108 ) in the simulcast group for the other UE 110 are 
of a method 400 of transmitting data using a multiple assigned to a second subset of the antenna ports , where the 
antenna downlink transmission mode with distributed anten first and second subsets are disjoint . The simulcast groups 
nas . The embodiment of method 400 shown in FIG . 4 is 45 for two UEs 110 are orthogonal if the simulcast groups 
described here as being implemented in the RAN 100 shown defined for the two UEs 110 do not include any common RPs 
in FIG . 1. More specifically , the processing associated with 106. If both conditions are true , then the controller 104 uses 
method 400 is described here as being implemented by the those simulcast groups for the two UEs 110 . 
controller 104 of the RAN 100. Also , in this exemplary Generally , this means that the first UE 110 is close to RPs 
embodiment , the distribution matrix G described above in 50 106 ( and associated antennas 108 ) assigned to the first 
connection with FIG . 3 can be used . It is to be understood subset of the antenna ports but not close to RPs 106 ( and 
that other embodiments can be implemented in other ways . associated antennas 108 ) assigned to the second subset of 
Method 400 comprises performing linear transformations the antenna ports and the second UE 110 is close to RPs 106 

on sequences of precoded symbols using a distribution ( and associated antennas 108 ) assigned to the second subset 
matrix G ( block 402 ) . 55 of the antenna ports but not close to RPs 106 ( and associated 

The antenna ports used for the downlink transmission antennas 108 ) assigned to the first subset of the antenna 
mode are divided into multiple disjoint subsets , where the ports . 
number of subsets used is determined based on the number In this exemplary embodiment , the controller 104 moni 
of UEs 110 that can be put into reuse to use the same one or tors the received power measurements made at each radio 
more resource elements . The subsets are “ disjoint ” in that no 60 point 106 in the RAN 100 and determines if orthogonal 
antenna port is in both subsets . simulcast groups can be defined for those two UEs 110 based 

In this exemplary embodiment implemented using the on the power measurements . 
configuration shown in FIG . 1 , up to two UEs 110 near a pair In one implementation of such an embodiment , the con 
of RPs 0 and 1 can be placed into near reuse and , therefore , troller 104 uses a " signature vector ” ( SV ) determined for 
the antenna ports are divided into two disjoint subsets . A first 65 each active UE 110 based on receive power measurements 
subset of the antenna ports includes antenna ports 0 and 1 made at each radio point 106 for that UE 110. The controller 
and is associated with the RPs 106 assigned the RP index 0 104 maintains a signature vector for each UE 110 that 
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includes , for each RP 106 associated with the cell , a signal Method 400 further comprises , if an active UE 110 can be 
reception metric indicative of the power level being received placed into near reuse with another active UE 110 , reusing 
by that RP 106 from that UE 110 ( for example , a signal - to one or more resource elements by assigning a respective 
noise plus interference ratio ( SNIR ) ) . This signature vector simulcast group to each UE 110 that uses a respective one of 
is a measure of the UE's proximity to each RP 106 associ- 5 the plurality of disjoint subsets of antenna ports ( block 406 ) 
ated with the cell and is used to track the mobility of the UE and transmitting user data to each UE 110 using a respective 
110 . precoder matrix that provides perfect steering to the respec 

In such an implementation , the controller 104 determines tive subset of antenna ports in the simulcast group assigned 
if orthogonal simulcast groups can be defined for those two to that UE 110 ( block 408 ) . 
UEs 110 by quantizing the SV for each UE 110 to one of two In this exemplary embodiment implemented using the 
values { 0,1 } per RP 106 based on the received power metric configuration shown in FIG . 1 , if an active UE 110 can be 

placed into near reuse with another active UE 110 , one of the measured at each RP 106 relative to the peak received power active UEs 110 is assigned a first simulcast group defined for metric measurement . Various algorithms can be used to it that includes only RPs 106 and antennas 108 assigned to quantize received power metric measured at each RP 106 to 15 the first subset of the antenna ports ( that is , RP 0 and one of the two values . antennas ( ) and 1 ) and the other active UE 110 is assigned a In this implementation , a UE 110 is considered “ close ” to second simulcast group defined for it that includes only RPs 
an RP 106 if the received power metric measured by that RP 106 and antennas 108 assigned to the second subset of the 
106 for that UE 106 is quantized to a value of 1 , and a UE antenna ports ( that is , RP 1 and antennas 2 and 3 ) . Then , the 
110 is not considered “ close ” to an RP 106 if the received 20 first precoder matrix can be used for transmitting user data 
power metric measured by that RP 106 for that UE 110 is to the first active UE 110 ( UE A in the example shown in 
quantized to a value of 0 . FIG . 1 ) and the second precoder matrix can be used for 

The simulcast group for each UE 110 is then determined transmitting user data to the second active UE 110 ( UE B in 
by selecting those RPs 106 having a 1 in the SV for that UE the example shown in FIG . 1 ) . 
110. Then , the simulcast groups for the two UEs 110 are 25 In the embodiment shown in FIG . 4 , method 400 further 
orthogonal if the simulcast groups defined for the two UES comprises , if an active UE 110 can be placed into near reuse 
110 do not include any common RPs 106. Also , it is with another active UE 110 , using a referenceSignalPower 
determined if all of the RPs 106 ( and associated antennas ( Pa ) less than 0 dB ( that is , Pa < 0 dB ) for user - data trans 
108 ) for a first one of the UEs 110 are assigned to a first missions to those UEs 110 using the one or more shared 
subset of the antenna ports and all of the RPs 106 ( and 30 resource elements ( block 410 ) . As noted above , this is done 
associated antennas 108 ) for the other UE 110 are assigned to avoid transmit power in excess of peak . It is to be 
to the second subset of the antenna ports , where the first and understood , however , that in other embodiments , this is not 
second subsets are disjoint . done . 

In this exemplary embodiment implemented using the Method 400 comprises , if an active UE 110 cannot be 
configuration shown in FIG . 1 , a first subset of the antenna 35 placed into near reuse with any other active UE 110 , using 
ports includes antenna ports 0 and 1 and is associated with said one or more resource elements to transmit user data to 
the RPs 106 assigned the RP index 0 and the antennas 108 one of UEs 110 by assigning to that UE 110 a simulcast 
assigned the antenna indices 0 and 1. A second subset of the group that uses all of the antenna ports for the downlink 
antenna ports includes antenna ports 2 and 3 and is associ transmission mode ( block 412 ) and transmitting user data to 
ated with the RPs 106 assigned the RP index 1 and the 40 that UE 110 using the precoder matrix that provides peak 
antennas 108 assigned the antenna indices 2 and 3. In this power to all of the antenna ports ( block 414 ) . 
exemplary embodiment , two active UEs 110 can be can be As noted above , this is done to provide increased trans 
placed into near reuse if a first simulcast group can be mission performance for single - user transmission when fre 
defined for one of the active UEs 110 that includes only RPs quency reuse is not used . 
106 and antennas 108 assigned to the first subset of the 45 In this situation where an active UE 110 cannot be placed 
antenna ports and a second simulcast group can be defined into near reuse , the controller 104 defines a simulcast group 
for the other one of the active UEs 110 that includes only for that UE 110 that includes one or more RPs 106 ( and the 
RPs 106 and antennas 108 assigned to the second subset of associated antennas 108 ) that are associated with all of the 
the antenna ports . That is , two active UEs 100 can be can be antenna ports used for the selected downlink transmission 
placed into near reuse if a first simulcast group can be 50 mode . 
defined for one of the active UEs 110 that includes only RPs As noted above , in this example the distribution matrix G 
106 assigned the RP index 0 ( and the associated antennas is configured so that at least one precoder matrix provides 
108 assigned the antenna indices 0 and 1 ) and a second peak power to all of the antenna ports used for the trans 
simulcast group can be defined for the other one of the active mission mode . 
UEs 110 that includes only RPs 106 assigned the RP index 55 For example , in the example described herein connection 
1 ( and the associated antennas 108 assigned the antenna with FIG . 1 , the controller 104 defines a simulcast group for 
indices 2 and 3 ) . that UE 110 that includes RPs 106 and antennas 108 

In the example shown in FIG . 1 and described above , UE assigned to all of the antenna ports ( that is , RPs 0 and 1 and 
A can be placed into near reuse with UE B since the antennas 0 , 1 , 2 and 3 ) . Then , user data can be transmitted 
simulcast group defined for UE A includes only RPs 106 in 60 to such a UE 110 using the precoder matrix that provides 
the first subset of antenna ports ( that is , RP 0 and antennas peak power to all of the antenna ports used for the trans 
0 and 1 ) and the simulcast group defined for UE B includes mission mode . 
only RPs 106 in the second subset of antenna ports ( that is , In the embodiment shown in FIG . 4 , method 400 further 
RP 1 and antennas 2 and 3 ) . comprises , if an active UE 110 cannot be placed into near 

In other implementations , the determination as to whether 65 reuse with any other active UE 110 , using a referenceSig 
a UE 110 can be placed into near reuse with another active nalPower ( Pa ) equal to 0 dB ( that is , Pa = 0 dB ) for user - data 
UE 110 is made in other ways . transmissions to that UE 110 ( block 416 ) . As noted above , 
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this is done to provide increased transmission performance Example Embodiments 
for single - user transmission when frequency reuse is not 
used . Example 1 includes a method of reusing a resource 

Other embodiments can be implemented in other ways . element to transmit user data to a plurality of items of user 
As noted above , near reuse can be combined with far 5 equipment using a downlink transmission mode that uses 

reuse . That is , two UEs 110 that are in near reuse using the multiple antenna ports , wherein the downlink transmission 
techniques described above in connection with FIG . 4 can mode precodes sequences of symbols using a precoder 
also be placed into far reuse with one or more other UEs 110 matrix selected from a codebook , wherein the precoding having high path loss with those two UEs 110. For example , produces sequences of precoded symbols , the method com in the example shown in FIG . 1 , if UE C has high path loss 10 
with UEs A and B , UEs A and B can be placed into near prising : performing linear transformations on the sequences 

of precoded symbols using a distribution matrix , wherein the reuse as described above while UEs A and B are placed into 
far reuse with UE C so that the same resource element can distribution matrix is configured so that each of a plurality 
be used to simultaneously transmit user data to UES A , B , of precoder matrices provides perfect steering of transmit 
and C. Other combinations of near and far reuse are possible . 15 power to a corresponding one of a plurality of disjoint 
For example , FIG . 5 illustrates another example in which subsets of the antenna ports used for the downlink trans 
UES D and E have high path loss with UEs F and G. In the mission mode ; determining if the resource element can be 
example shown in FIG . 5 , UEs D and E are placed into near reused to transmit user data to the plurality of items of user 
reuse with each other as described above , UEs F and G are equipment ; and when the resource element can be reused , 
placed into near reuse with each other as described above , 20 reusing the resource element to transmit user data to the 
and the UEs D and E are placed into far reuse with UEs F plurality of items of user equipment by : assigning a respec 
and G. As a result , the same resource element can be used tive simulcast group to each of the plurality of items of user 
to simultaneously transmit user data to UEs D , E , F , and G. equipment that uses a respective one of the plurality of 
Moreover , the distribution matrix G can be selectively disjoint subsets of antenna ports ; and transmitting user data 

used with only some of the downlink transmission modes . 25 to each of the items of user equipment using a respective 
For example , in an embodiment that supports LTE downlink precoder matrix that provides perfect steering to the respec 
transmissions modes 9 and 10 , those downlink transmissions tive subset of antenna ports in the respective simulcast group 
modes 9 and 10 can be implemented without using the for that item of user equipment . 
distribution matrix G ( for example , by skipping the distri Example 2 includes the method of Example 1 , further 
bution matrix G processing or by performing the distribution 30 comprising : when the resource element can be reused , 
matrix G processing using an identity matrix for the matrix transmitting user data at a first power level that is less than 
G ) . a second power level at which reference signals are trans 

The methods and techniques described here may be mitted to the items of user equipment . 
implemented in digital electronic circuitry , or with a pro Example 3 includes the method of any of the Examples 
grammable processor ( for example , a special - purpose pro- 35 1-2 , wherein the distribution matrix is configured so that at 
cessor or a general - purpose processor such as a computer ) least one precoder matrix provides peak power at all of the 
firmware , software , or in combinations of them . Apparatus antenna ports used for the downlink transmission mode ; and 
embodying these techniques may include appropriate input wherein the method further comprises , when the resource 
and output devices , a programmable processor , and a storage element cannot be reused , using the resource element to 
medium tangibly embodying program instructions for 40 transmit user data to one of the items of user equipment by : 
execution by the programmable processor . A process assigning to said one of the items of user equipment that a 
embodying these techniques may be performed by a pro simulcast group that uses all of the antenna ports for the 
grammable processor executing a program of instructions to downlink transmission mode ; and transmitting user data to 
perform desired functions by operating on input data and said one of the items of user equipment using said at least 
generating appropriate output . The techniques may advan- 45 one precoder matrix that provides perfect steering to all of 
tageously be implemented in one or more programs that are the antenna ports . 
executable on a programmable system including at least one Example 4 includes the method of any of the Examples 
programmable processor coupled to receive data and 1-3 , further comprising : when the resource element cannot 
instructions from , and to transmit data and instructions to , a be reused , transmitting user data to said one of the items of 
data storage system , at least one input device , and at least 50 user equipment at a power level that is used to transmit 
one output device . Generally , a processor will receive reference signals to the items of user equipment . 
instructions and data from a read - only memory and / or a Example 5 includes the method of any of the Examples 
random access memory . Storage devices suitable for tangi 1-4 , wherein the distribution matrix is configured to be 
bly embodying computer program instructions and data unitary and to have , for each column of the distribution 
include all forms of non - volatile memory , including by way 55 matrix , a non - zero gain for a corresponding entry associated 
of example semiconductor memory devices , such as with each antenna port . 
EPROM , EEPROM , and flash memory devices ; magnetic Example 6 includes the method of any of the Examples 
disks such as internal hard disks and removable disks ; 1-5 , wherein the method is implemented using a controller 
magneto - optical disks ; and DVD disks . Any of the foregoing and a plurality of radio points communicatively coupled to 
may be supplemented by , or incorporated in , specially- 60 the controller , each radio point associated with at least one 
designed application - specific integrated circuits ( ASICs ) . antenna . 

A number of embodiments of the invention defined by the Example 7 includes the method of Example 6 , wherein the 
following claims have been described . Nevertheless , it will controller is communicatively coupled to the radio points 
be understood that various modifications to the described using a switched ETHERNET network . 
embodiments may be made without departing from the spirit 65 Example 8 includes the method of any of the Examples 
and scope of the claimed invention . Accordingly , other 6-7 , wherein performing the linear transformation on the 
embodiments are within the scope of the following claims . sequences of precoded symbols using the distribution matrix 
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comprises performing the linear transformation on the said one of the items of user equipment using said at least 
sequences of precoded symbols using the distribution matrix one precoder matrix that provides perfect steering to all of 
by the controller . the antenna ports . 

Example 9 includes the method of any of the Examples Example 14 includes the system of any of the Examples 
6-8 , wherein performing the linear transformation on the 5 11-13 , wherein the system is configured to , when the 
sequences of precoded symbols using the distribution matrix resource element cannot be reused , transmit user data to said 
comprises performing the linear transformation on the one of the items of user equipment at a power level that is 
sequences of precoded symbols using the distribution matrix used to transmit reference signals to the items of user 
at one or more of the radio points . equipment 
Example 10 includes the method of any of the Examples Example 15 includes the system of any of the Examples 

1-9 , wherein the downlink transmission mode comprises a 11-14 , wherein the distribution matrix is configured to be 
multiple - antenna Long - Term Evolution ( LTE ) downlink unitary and to have , for each column of the distribution 
transmission mode . matrix , a non - zero gain for a corresponding entry associated 

Example 11 includes a system to provide wireless service with each antenna port . 
to user equipment , the system comprising : a controller Example 16 includes the system of any of the Examples 
communicatively coupled to a core network of a wireless 11-15 , wherein the controller is communicatively coupled to 
service provider ; a plurality of radio points to transmit and the radio points using a switched ETHERNET network . 
receive radio frequency signals to and from the user equip Example 17 includes the system of any of the Examples 
ment , each of the radio points associated with at least one 20 11-16 , wherein the controller is configured to perform the 
antenna and located remote from the controller , wherein the linear transformation on the sequences of precoded symbols 
plurality of radio points is communicatively coupled to the using the distribution matrix by the controller . 
controller ; and wherein the controller and plurality of radio Example 18 includes the system of any of the Examples 
points implement a base station for a radio access network ; 11-17 , wherein one or more of the radio points are config 
wherein the system is configured to reuse a resource element 25 ured to perform the linear transformation on the sequences 
in order to transmit user data to a plurality of items of user of precoded symbols using the distribution matrix at one or 
equipment using a downlink transmission mode that uses more of the radio points . 
multiple antenna ports ; wherein the system is configured to Example 19 includes the system of any of the Examples 
implement a downlink transmission mode that precodes 11-18 , wherein the downlink transmission mode comprises 
sequences of symbols using a precoder matrix selected from a multiple - antenna Long - Term Evolution ( LTE ) downlink 
a codebook , wherein the precoding produces sequences of transmission mode . 
precoded symbols ; wherein the system is configured to Example 20 includes the system of any of the Examples 
perform linear transformations on the sequences of precoded 11-19 , wherein the downlink transmission mode uses four 
symbols using a distribution matrix , wherein the distribution antenna ports , and wherein each of the plurality of disjoint 
matrix is configured so that each of a plurality of precoder subsets of antenna ports comprises two antenna ports . 
matrices provides perfect steering of transmit power to a Example 21 includes the system of Example 20 , wherein 
corresponding one of a plurality of disjoint subsets of the each radio point is associated with two antenna ports . 
antenna ports used for the downlink transmission mode ; Example 22 includes the system of any of the Examples 
wherein the system is configured to determine if the resource 40 20-21 , wherein each radio point is associated with one 
element can be reused to transmit user data to the plurality antenna port . 
of items of user equipment ; and wherein the system is Example 23 includes the system of any of the Examples 
configured to , when the resource element can be reused , 11-22 , wherein the system is configured to not use the 
reuse the resource element to transmit user data to the distribution matrix for some at least one other downlink 
plurality of items of user equipment by : assigning a respec- 45 transmission mode . 
tive simulcast group to each of the plurality of items of user 
equipment that uses a respective one of the plurality of What is claimed is : 
disjoint subsets of antenna ports ; and transmitting user data 1. A method of reusing a resource element to transmit user 
to each of the items of user equipment using a respective data to a plurality of items of user equipment using a 
precoder matrix that provides perfect steering to the respec- 50 downlink transmission mode that uses multiple antenna 
tive subset of antenna ports in the respective simulcast group ports , wherein the downlink transmission mode precodes 
for that item of user equipment . sequences of symbols using a precoder matrix selected from 

Example 12 includes the system of Example 11 , wherein a codebook , wherein the precoding produces sequences of 
the system is configured to , when the resource element can precoded symbols , the method comprising : 
be reused , transmit user data at a first power level that is less 55 performing linear transformations on the sequences of 
than a second power level at which reference signals are precoded symbols using a distribution matrix , wherein 
transmitted to the items of user equipment . the distribution matrix is configured so that each of a 

Example 13 includes the system of any of the Examples plurality of precoder matrices provides perfect steering 
11-12 , wherein the distribution matrix is configured so that of transmit power to a corresponding one of a plurality 
at least one precoder matrix provides peak power at all of the 60 of disjoint subsets of the antenna ports used for the 
antenna ports used for the downlink transmission mode ; and downlink transmission mode ; 
wherein the system is configured to , when the resource determining if the resource element can be reused to 
element cannot be reused , use the resource element to transmit user data to the plurality of items of user 
transmit user data to one of the items of user equipment by : equipment ; and 
assigning to said one of the items of user equipment that a 65 when the resource element can be reused , reusing the 
simulcast group that uses all of the antenna ports for the resource element to transmit user data to the plurality of 
downlink transmission mode ; and transmitting user data to items of user equipment by : 

35 
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assigning a respective simulcast group to each of the items of user equipment using a downlink transmission 
plurality of items of user equipment that uses a mode that uses multiple antenna ports ; 
respective one of the plurality of disjoint subsets of wherein the system is configured to implement a down 
antenna ports ; and link transmission mode that precodes sequences of 

transmitting user data to each of the items of user symbols using a precoder matrix selected from a code 
equipment using a respective precoder matrix that book , wherein the precoding produces sequences of 
provides perfect steering to the respective subset of precoded symbols ; 
antenna ports in the respective simulcast group for wherein the system is configured to perform linear trans 
that item of user equipment . formations on the sequences of precoded symbols using 

2. The method of claim 1 , further comprising : a distribution matrix , wherein the distribution matrix is 
configured so that each of a plurality of precoder when the resource element can be reused , transmitting matrices provides perfect steering of transmit power to user data at a first power level that is less than a second a corresponding one of a plurality of disjoint subsets of power level at which reference signals are transmitted the antenna ports used for the downlink transmission to the items of user equipment . mode ; 

3. The method of claim 1 , wherein the distribution matrix wherein the system is configured to determine if the 
is configured so that at least one precoder matrix provides resource element can be reused to transmit user data to 
peak power at all of the antenna ports used for the downlink the plurality of items of user equipment ; and 
transmission mode ; and wherein the system is configured to , when the resource 

wherein the method further comprises , when the resource 20 element can be reused , reuse the resource element to 
element cannot be reused , using the resource element to transmit user data to the plurality of items of user 
transmit user data to one of the items of user equipment equipment by : 
by : assigning a respective simulcast group to each of the 
assigning to said one of the items of user equipment plurality of items of user equipment that uses a 

that a simulcast group that uses all of the antenna 25 respective one of the plurality of disjoint subsets of 
ports for the downlink transmission mode ; and antenna ports ; and 

transmitting user data to said one of the items of user transmitting user data to each of the items of user 
equipment using said at least one precoder matrix equipment using a respective precoder matrix that 
that provides perfect steering to all of the antenna provides perfect steering to the respective subset of 
ports . antenna ports in the respective simulcast group for 

4. The method of claim 1 , further comprising : that item of user equipment . 
when the resource element cannot be reused , transmitting 10. The system of claim 9 , wherein the system is config 

user data to said one of the items of user equipment at ured to , when the resource element can be reused , transmit 
a power level that is used to transmit reference signals user data at a first power level that is less than a second 
to the items of user equipment . 35 power level at which reference signals are transmitted to the 

5. The method of claim 1 , wherein the distribution matrix items of user equipment . 
is configured to be unitary and to have , for each column of 11. The system of claim 9 , wherein the distribution matrix 
the distribution matrix , a non - zero gain for a corresponding is configured so that at least one precoder matrix provides 
entry associated with each antenna port . peak power at all of the antenna ports used for the downlink 

6. The method of claim 1 , wherein the method is imple- 40 transmission mode ; and 
mented using a controller and a plurality of radio points wherein the system is configured to , when the resource 
communicatively coupled to the controller , each radio point element cannot be reused , use the resource element to 
associated with at least one antenna . transmit user data to one of the items of user equipment 

7. The method of claim 6 , wherein performing the linear by : 
transformation on the sequences of precoded symbols using 45 assigning to said one of the items of user equipment 
the distribution matrix comprises performing the linear that a simulcast group that uses all of the antenna 
transformation on the sequences of precoded symbols using ports for the downlink transmission mode ; and 
the distribution matrix by the controller . transmitting user data to said one of the items of user 

8. The method of claim 6 , wherein performing the linear equipment using said at least one precoder matrix 
transformation on the sequences of precoded symbols using 50 that provides perfect steering to all of the antenna 
the distribution matrix comprises performing the linear ports . 
transformation on the sequences of precoded symbols using 12. The system of claim 9 , wherein the system is config 
the distribution matrix at one or more of the radio points . ured to , when the resource element cannot be reused , 

9. A system to provide wireless service to user equipment , transmit user data to said one of the items of user equipment 
the system comprising : 55 at a power level that is used to transmit reference signals to 

a controller communicatively coupled to a core network the items of user equipment . 
of a wireless service provider ; 13. The system of claim 9 , wherein the distribution matrix 

a plurality of radio points to transmit and receive radio is configured to be unitary and to have , for each column of 
frequency signals to and from the user equipment , each the distribution matrix , a non - zero gain for a corresponding 
of the radio points associated with at least one antenna 60 entry associated with each antenna port . 
and located remote from the controller , wherein the 14. The system of claim 9 , wherein the controller is 
plurality of radio points is communicatively coupled to communicatively coupled to the radio points using a 
the controller ; and switched ETHERNET network . 

wherein the controller and plurality of radio points imple 15. The system of claim 9 , wherein the controller is 
ment a base station for a radio access network ; 65 configured to perform the linear transformation on the 

wherein the system is configured to reuse a resource sequences of precoded symbols using the distribution matrix 
element in order to transmit user data to a plurality of by the controller . 
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16. The system of claim 9 , wherein one or more of the 

radio points are configured to perform the linear transfor 
mation on the sequences of precoded symbols using the 
distribution matrix at one or more of the radio points . 

17. The system of claim 9 , wherein the downlink trans- 5 
mission mode comprises a multiple - antenna Long - Term 
Evolution ( LTE ) downlink transmission mode . 

18. The system of claim 9 , wherein the downlink trans 
mission mode uses four antenna ports , and wherein each of 
the plurality of disjoint subsets of antenna ports comprises 10 
two antenna ports . 

19. The system of claim 18 , wherein each radio point is 
associated with either two antenna ports or one antenna port . 

20. The system of claim 9 , wherein the system is config 
ured to not use the distribution matrix for some at least one 15 
other downlink transmission mode . 


